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Background. Feelings of doubt and perseverative behaviours are key symptoms of obsessive–compulsive disorder
(OCD) and have been linked to hyperactive error and conflict signals in the brain. While enhanced neural correlates
of error monitoring have been robustly shown, far less is known about conflict processing and adaptation in OCD.
Method. We examined event-related potentials during conflict processing in 70 patients with OCD and 70 matched
healthy comparison participants, focusing on the stimulus-locked N2 elicited in a flanker task. Conflict adaptation
was evaluated by analysing sequential adjustments in N2 and behaviour, i.e. current conflict effects as a function of pre-
ceding conflict.
Results. Patients with OCD showed enhanced N2 amplitudes compared with healthy controls. Further, patients showed
stronger conflict adaptation effects on reaction times and N2 amplitude. Thus, the effect of previous compatibility was
larger in patients than in healthy participants as indicated by greater N2 adjustments in change trials (i.e. iC, cI). As a
result of stronger conflict adaptation in patients, N2 amplitudes were comparable between groups in incompatible trials
following incompatible trials.
Conclusions. Larger N2 amplitudes and greater conflict adaptation in OCD point to enhanced conflict monitoring lead-
ing to increased recruitment of cognitive control in patients. This was most pronounced in change trials and was asso-
ciated with stronger conflict adjustment in N2 and behaviour. Thus, hyperactive conflict monitoring in OCD may be
beneficial in situations that require a high amount of control to resolve conflict, but may also reflect an effortful process
that is linked to distress and symptoms of OCD.
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Key words: Conflict adaptation, conflict monitoring, error-related negativity, N2, obsessive–compulsive disorder.
Introduction
The contents of obsessional thoughts, like ‘did I turn
off the stove?’ or ‘are my hands clean?’, are also experi-
enced by 80–90% of non-clinical subjects (e.g. Rachman
& de Silva, 1978; Crye et al. 2010). However, if these
thoughts are frequently experienced and accompanied
by distress, anxiety or compulsive behaviours, the cri-
teria for an obsessive–compulsive disorder (OCD) may
be fulfilled (American Psychiatric Association, 2013).
Obsessions and compulsions are often related to poten-
tial harm or disastrous consequences of errors, such as
burning the house or infecting oneself or others. Thus,
it has been proposed that key symptoms of OCD like
the feeling of incompleteness, doubt regarding the cor-
rectness of own actions and repetitive behaviours may
result from hyperactive monitoring of behaviour for
potential errors and conflicts (Pitman, 1987). This
notion motivated studies using event-related potentials
(ERPs) on neural correlates of performance monitoring
and conflict adaptation in OCD.
A number of studies investigated performance mon-
itoring in OCD with tasks eliciting response conflict.
Evidence for enhanced monitoring of behavioural
responses has been shown by larger amplitudes for
the response-related error-related negativity (ERN;
Falkenstein et al. 1991; Gehring et al. 1995) and
correct-related negativity (CRN; Ford, 1999) in OCD
(Gehring et al. 2000; Endrass et al. 2008; Hajcak et al.
2008; Stern et al. 2010; Riesel et al. 2011, 2014, 2015a;
Mathews et al. 2012; Endrass & Ullsperger, 2014).
However, results with regard to the processing of
stimulus conflict and subsequent adjustment are less
consistent (Stern & Taylor, 2014). The processing of
stimulus conflict has been related to the N2 component
of the ERP (Folstein & Van Petten, 2008). While some
studies show enhanced N2 amplitudes in OCD
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(Towey et al. 1993; Ruchsow et al. 2007; Ciesielski et al.
2011), others report evidence for a reduction (Morault
et al. 1997; Kim et al. 2007; Keskin-Ergen et al. 2014)
or no difference in N2 amplitude (Herrmann et al.
2003; Keskin-Ergen et al. 2014). ERN and N2 are both
characterized by a fronto-central topography and are
assumed to share a common neural substrate, the pos-
terior medial frontal cortex (van Veen & Carter, 2002;
Ridderinkhof et al. 2004; Iannaccone et al. 2015).
Furthermore, both components are suggested to signal
the need for an increase of cognitive control to avoid
failure (Botvinick et al. 2001; Yeung et al. 2004;
Ullsperger et al. 2014; Iannaccone et al. 2015). Thus,
the discrepancies with regard to enhanced ERN but
inconsistent findings in N2 in OCD call for further
investigation. Task characteristics and motivational
factors have been shown to modulate aberrant error
processing in OCD patients (Gründler et al. 2009;
Endrass et al. 2010; Riesel et al. 2015b) and may
represent a potential explanation for variability in N2
results.
Another potential moderator of results is differences
in the ability to flexibly adapt conflict or error monitor-
ing to external requirements. Endrass et al. (2010)
showed that healthy controls flexibly regulate error
monitoring in accordance to experimental require-
ments (i.e. up-regulate in conditions of heightened
error relevance, down-regulate under standard condi-
tions), whereas OCD patients show enhanced error
monitoring independently of situational demands.
Flexibility in conflict monitoring is usually investigated
by examining sequential conflict effects especially with
regard to beneficial effects of conflict on subsequent
adaptation (Gratton et al. 1992). Several studies found
that healthy controls show reduced conflict effects in
behavioural and electrophysiological markers after
incompatible trials, which is thought to reflect an adap-
tation related to compensatory adjustment in cognitive
control (Botvinick et al. 2001; Kerns, 2006; Larson et al.
2014). One previous study found reduced conflict
adaptation in paediatric patients with OCD (Liu et al.
2012).
The aim of the present study was to examine behav-
ioural and electrophysiological correlates of conflict
monitoring and adaptation in a large sample of adult
patients with OCD. Based on OCD symptoms such
as doubt, repetitive behaviours and uncertainty, we
would expect enhanced responses to conflict (i.e.
enhanced N2 amplitudes) in OCD patients. This is fur-
ther supported by the outlined similarities between
ERN and N2 and the well-documented enhancement
of ERN amplitude in OCD (Endrass & Ullsperger,
2014). However, based on previous results showing
reduced conflict adaptation in paediatric OCD (Liu
et al. 2012) and an inverse relationship between N2
and CRN in healthy participants (Grützmann et al.
2014), it is also possible that enhanced ERN and
CRN amplitudes in OCD reflect a compensatory pro-
cess for reduced conflict monitoring at stimulus pro-
cessing, which would suggest reduced N2
amplitudes in OCD. Furthermore, the flexibility and
adaptability of conflict monitoring are studied by
sequential trial-by-trial conflict adaptation effects. We
assume that patients with OCD show an inflexible
monitoring of conflicts as it has been shown for paedi-
atric OCD patients (Liu et al. 2012) and as it has been
suggested for errors (Endrass et al. 2010).
Method
Participants
A total of 70 patients with OCD (38 females) and 70
healthy comparison participants (38 females) were
included in the current study (Table 1). Data on error
monitoring of 132 of these participants have been pub-
lished in a previous study (Riesel et al. 2014). All patients
were recruited from the out-patient unit of the
Department of Psychology at Humboldt University,
Berlin, and were in the diagnostic phase before starting
cognitive–behavioural therapy. Patients were diagnosed
by trained clinicians using the Structured Clinical
Interview forDSM-IV (SCID; First et al. 1996) and fulfilled
criteria for OCD as a primary diagnosis. Healthy com-
parison participants were recruited from the community
through advertisement. Both groups were matched
with regard to age and level of education.All participants
were aged between 18 and 65 years, had normal or
corrected-to-normal vision, and reported no history of
head trauma or neurological disease. Exclusion criteria
for patients were a lifetime diagnosis of psychotic or
substance-related disorders; additional exclusion criteria
for healthy controls were psychopharmacological treat-
ment, psychotherapy and any present or past mental dis-
orders as assessedwith the SCID (First et al. 1996). A total
of 34 patients (48.6%) had one to three current co-morbid
diagnoses, such as affective disorders (major depression
n = 25, dysthymia n = 2), anxiety disorders (social
phobia n = 15, panic disorder n = 4, generalized anxiety
disorder n = 3, specific phobia n = 6), eating disorders
(bulimia n = 2), somatoform disorders (hypochondrias
n = 1), Tourette syndrome (n = 1) and personality disor-
ders (obsessive–compulsive n = 11, avoidant n = 3,
dependent n = 2, histrionic n = 2). Of the patients, 32
(45.7%) were currently receiving psychotropic medica-
tion (serotonin reuptake inhibitors n = 26, tricyclic antide-
pressantsn = 6),whichhadbeen stable for at least 4weeks
before study participation. Participants received written
andverbal information about the study, andgavewritten
informed consent. Study procedures were in accordance
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with the ethical guidelines of the Declaration of Helsinki,
as approved by the local ethics committee.
Measures
Participants completed the Beck Depression Inventory-
II (BDI-II; Steer et al. 1997; Hautzinger et al. 2006) as
well as the Obsessive–Compulsive Inventory-Revised
(OCI-R; Foa et al. 2002; Gonner et al. 2008), and a
vocabulary test measuring verbal intelligence
(Schmidt & Metzler, 1992). Severity of obsessive–com-
pulsive symptoms was additionally rated by trained
clinicians in patients with the Yale–Brown Obsessive
Compulsive Scale (Goodman et al. 1989; Hand &
Büttner-Westphal, 1991). Depressive symptoms were
rated through the Montgomery–Åsberg Depression
Rating Scale (Montgomery & Åsberg, 1979; Neumann
& Schulte, 1989).
Task
An arrowhead flanker task (Kopp et al. 1996) was
administered using Presentation software (Neuro-
behavioral Systems, Inc., USA). On each trial, five
vertically aligned arrows were presented and partici-
pants were instructed to respond with their index
fingers in accordance with the direction of the central
arrow. Responses were collected from response but-
tons with a 1000 Hz sampling rate. The four flanker
stimuli were presented for 110 ms and pointed to the
left or to the right. Then, flanker and target stimuli
were presented simultaneously for 50 ms, followed
by an inter-trial interval that varied randomly between
900 and 1500 ms. Half of the trials were compatible (i.e.
flanker and target point in the same direction), and half
were incompatible (i.e. flanker and target point in the
opposite direction). Stimulus compatibility and direc-
tion varied pseudo-randomly across trials. Identical
Table 1. Demographic, clinical and performance measures of patients with OCD and healthy control participants
Healthy control
participants
(n = 70)
OCD patients
(n = 70) t (df = 138) p
Demographic
Age, years 38.6 (12.3) 35.2 (10.9) 1.73 0.09
Verbal IQ 108.7 (10.1) 108.9 (9.5) 0.40 0.89
Clinical
OCI-R 5.9 (5.0) 28.2 (13.5) 12.92 <0.001
BDI-II 3.9 (5.1) 15.1 (11.2) 7.62 <0.001
Y-BOCS – 21.8 (5.9) – –
MADRS – 7.8 (6.8) – –
Performance
Error rates, %
cC 0.16 (0.80) 0.05 (0.17) −1.19 0.24
iC 0.50 (1.72) 0.26 (0.57) −1.10 0.27
cI 7.42 (3.62) 6.34 (2.38) −2.07 <0.05
iI 1.67 (1.25) 1.12 (0.83) −3.05 <0.01
Reaction times of correct reactions, ms
cC 294 (47) 280 (35) −1.90 0.06
iC 321 (48) 310 (35) −1.51 0.13
cI 409 (46) 395 (35) −2.06 <0.05
iI 395 (48) 376 (35) −2.64 <0.01
Number of segments for correct
reactions retained after artifact rejection
cC 72.9 (10.6) 70.3 (13.1) −1.29 0.199
iC 144.4 (21.2) 140.1 (24.8) −1.09 0.274
cI 91.5 (24.2) 92.1 (24.4) 0.15 0.884
iI 60.7 (12.4) 62.1 (12.8) 0.67 0.504
Data are given as mean (standard deviation).
OCD, Obsessive–compulsive disorder; df, degrees of freedom; IQ, intelligence quotient; OCI-R, Obsessive–Compulsive
Inventory-Revised; BDI-II, Beck Depression Inventory-II; YBOCS, Yale–Brown Obsessive Compulsive Scale; MADRS,
Montgomery–Åsberg Depression Rating Scale; cC, compatible trials preceded by a compatible trial; iC, compatible trials pre-
ceded by an incompatible trial; cI, incompatible trial preceded by a compatible trial; iI, incompatible trial preceded by an
incompatible trial.
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stimulus repetitions were omitted since conflict adap-
tation effects are sensitive to repetition priming (e.g.
Mayr et al. 2003; Clayson & Larson, 2011; Schmidt &
De Houwer, 2011). In all, 500 trials including 20
practice trials were presented. Short breaks and
performance-based feedback were given every 60
trials. If error rates in one block were above 20%, par-
ticipants were instructed to respond more accurately.
When error rate was below 10%, participants were
asked to respond faster. If error rates ranged between
10 and 20%, participants were reminded to respond
both quickly and accurately. The duration of the
experiment was about 25 min.
Electroencephalogram (EEG) recording, data
reduction and analysis
The EEG was recorded from 65 electrodes with Cz as
recording reference. Electrodes were mounted on an
electrode cap with equidistant electrode positions
(EASYCAP GmbH, Germany). External electrodes
were placed below the left and right eyes, on the nasion,
neck and below T1 (ground). All impedances were kept
below 5 kΩ. The EEG was sampled at 500 Hz and
amplified with a band pass filter of 0.01–100 Hz. Eye
movement artifacts were corrected using the multiple
source eye correction method (Berg & Scherg, 1994)
implemented in BESA 5.2 (Brain Electrical Source
Analysis, MEGIS Software GmbH, Germany). A digital
low-pass filter set at 40 Hz and a notch filter at 50 Hz
were applied to the raw data. Stimulus-locked epochs
with a duration of 800 ms including a 200 ms
pre-stimulus interval were extracted. Epochs containing
a voltage step of more than 50 µV between consecutive
sample points or a voltage difference of 200 µV of any
two sample points within the epoch were excluded
from averaging. The pre-stimulus interval −200 to
−100 ms served as baseline. Before computing individ-
ual andgrandaverages for theN2,wecalculated the cur-
rent source density of the signal (Perrin et al. 1989) to
enhance local electrical activities and reduce the effect
of distal activities (volume conduction). N2 amplitudes
were quantified at electrode FCz as the difference
between the most negative peak occurring between
200 and 400 ms following the stimulus and the preced-
ing positive peak (150–300 ms).
Statistical analyses were conducted using SPSS (ver-
sion 21.0; USA). t Tests were used to assess group dif-
ferences in demographic and symptom measures. To
analyse conflict adaptation in N2 and behavioural
measures, the Gratton effect (Gratton et al. 1992) was
evaluated by analysing current conflict as a function
of preceding conflict. The following trial combinations
are possible: compatible trials either preceded by a
compatible (cC) or an incompatible trial (iC) and
incompatible trials either preceded by a compatible
(cI) or an incompatible trial (iI). Electrophysiological
and behavioural data were analysed with repeated-
measures analysis of variance using group (OCD
patients v. comparison participants) as the between-
subject factor and compatibility of the current (compat-
ible v. incompatible) and preceding trial (compatible v.
incompatible) as within-subject factors. Further, the
overall conflict adaptation effect for N2 and behaviour
was calculated using the formula: (cI – cC) – (iI – iC)
(Nieuwenhuis et al. 2006; Clayson & Larson, 2012).
Error and post-error trials were excluded from ERP
and behavioural analyses to avoid interference with
error-related adaptation effects. The number of artifact-
free trials in the four conditions are reported in Table 1
and did not differ between groups. For the OCD
group, control analyses with medication status and
co-morbidity as between-subject factors were con-
ducted. For all analysis of variance results the effect
size η2P was reported. For group comparisons Cohen’s
d and 95% confidence intervals (CIs) for Cohen’s d
were additionally reported. Correlation coefficients
(Pearson r) were used to examine associations between
symptom severity and conflict adaptation in N2 as
well as behaviour.
Results
Demographic and clinical characteristics
Table 1 presents demographic, clinical and behavioural
measures as well as statistical information for the t test
comparing groups. Groups did not differ with regard
to age, verbal intelligence quotient and gender. OCD
patients scored higher on self-reported symptom sever-
ity for both OCI-R and BDI-II.
Behavioural data
Error rates as well as reaction time on correct trials as a
function of the compatibility of the current and preced-
ing trials are shown in Table 1 and Fig. 1. Overall, OCD
patients committed fewer errors than healthy compari-
son participants as reflected in a main effect of group
(F1,138 = 6.47, p < 0.05, η
2
P = 0.05, d = 0.43, 95% CI 0.09–
0.76). Error rates were higher for incompatible than
compatible trials (F1,138 = 586.99, p < 0.001, η
2
P = 0.81).
An interaction between group and current trial type
emerged (F1,138 = 3.89, p = 0.05, η
2
P = 0.03). A group dif-
ference in error rates was only observed in incompat-
ible trials (t138 = 2.53, p < 0.05, d = 0.43, 95% CI 0.09–
0.76), but not in compatible trials (t138 = 1.14, p = 0.26,
d = 0.19, 95% CI −0.14 to 0.52). An interaction between
preceding and current trial compatibility was found
for error rates (F1,138 = 632.10, p < 0.001, η
2
P = 0.82).
Error rates were higher for cI than iI trials (t139 =
1382 A. Riesel et al.
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25.19, p < 0.001), suggesting that conflict associated
with the preceding trial improves conflict resolution
in the current trial. The interaction of current trial com-
patibility, preceding trial compatibility and group was
not significant (F1,138 = 1.99, p = 0.16, η
2
P = 0.01). In accord-
ance, the conflict adaptationscore for error rates indicated
an adaptation present in healthy controls (mean = 6.10,
S.D. = 3.22) and patients (mean = 5.45, S.D. = 2.10), while
no significant group difference was found (t138 = 1.41,
p = 0.16, d = 0.25, 95% CI−0.07 to 0.59).
Responses for correct trialswere significantly shorter in
patients than in controls (F1,138 = 4.39, p < 0.05, η
2
P = 0.03,
d = 0.36, 95% CI 0.02–0.69). Overall, reaction times were
longer for incompatible comparedwith compatible trials
(F1,138 = 3847.43, p < 0.001, η
2
P = 0.97), and longer in trials
following incompatible trials (F1,138 = 95.98, p < 0.001, η
2
P
= 0.41). A significant interaction between preceding and
current trial type compatibility was observed (F1,138 =
1078.45,p < 0.001,η2P = 0.89). The effect of current compati-
bility on reactions times was larger in trials preceded by
compatible trials (mean = 115 ms, S.D. = 21) compared
with trials preceded by incompatible trials (mean = 70
ms, S.D. = 18, t139 = 32.21, p < 0.001). A significant inter-
action of current trial compatibility, previous trial com-
patibility and group was found (F1,138 = 6.45, p < 0.05, η
2
P
= 0.05). This interaction suggests that the reduction of
the compatibility effect following incompatible trails
was more pronounced in patients with OCD (mean =
66, S.D. = 18) than in healthy comparison participants
(mean = 74, S.D. = 18, t138 = 2.64, p < 0.05, d = 0.45, 95% CI
0.11–0.78). The reaction time difference following com-
patible trials did not differ between groups (t138 = 0.32,
p = 0.75, d = 0.05, 95%CI−0.28 to 0.39). These results sug-
gest greater conflict adaptation in OCD patients, which
was also reflected in a higher conflict adaptation score
in reaction times for patients (mean = 48.15, S.D. = 17.09)
compared with healthy participants (mean = 41.24, S.D. =
15.04, t138 = 2.54, p < 0.05, d = 0.43, 95% CI 0.09–0.76).
Electrophysiological data
Grand average waveforms for N2 as well as topog-
raphies are presented in Fig. 2. Patients with OCD
show higher (i.e. more negative) N2 amplitudes than
healthy controls (F1,138 = 7.10, p < 0.01, η
2
P = 0.05, d =
0.45, 95% CI 0.11–0.79). The main effect of current
trial compatibility was not significant (F1,138 = 3.34,
p = 0.07, η2P = 0.02), but a significant effect of preceding
trial compatibility was found (F1,138 = 8.43, p < 0.01,
η2P = 0.06). Further, the interaction of preceding and cur-
rent trial compatibility was significant (F1,138 = 44.33,
p < 0.001, η2P = 0.24). Importantly, a significant interaction
of both factors with group was observed (F1,138 = 6.76,
p < 0.01, η2P = 0.05) (see Fig. 2c). A significant reduction
in N2 amplitude in iI trials compared with cI trials (i.e.
Gratton effect)was found in healthy comparison partici-
pants (t69 = 2.83, p < 0.01) and inpatientswithOCD (t69 =
6.54, p < 0.001). This reduction was larger for patients
with OCD (mean = 6.94, S.D. = 8.89) than for healthy con-
trols (mean = 2.73, S.D. = 8.09, t138 = 2.93, p < 0.01, d = 0.50,
Fig. 1. Reaction times (a) and error rates (b) for healthy comparison (HC) participants and patients with obsessive–compulsive
disorder (OCD) as a function of the compatibility of the current and preceding trial type. Values are means, with standard
errors represented by vertical bars. cI, Incompatible trial preceded by a compatible trial; iI, incompatible trial preceded by an
incompatible trial; cC, compatible trials preceded by a compatible trial; iC, compatible trials preceded by an incompatible
trial.
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95%CI 0.16–0.83).As a result of stronger conflict adapta-
tion in patients with OCD, group differences disap-
peared in iI trials (t138 = 0.92, p = 0.36, d = 0.16, 95% CI
−0.18 to 0.49), whereas N2 amplitudes were larger in
OCD patients in all other conditions (cI, t138 = 2.81, p <
0.01, d = 0.48, 95% CI 0.14–0.81; iC, t138 = 2.72, p < 0.01,
d = 0.46, 95% CI 0.12–0.79; cC, t138 = 2.07, p < 0.05, d =
0.35, 95% CI 0.02–0.68). An influence of previous trial
compatibility on current compatible trials was found for
OCD patients, who showed larger N2 in iC trials com-
paredwith cC trials (t138 = 2.29, p < 0.05),whereas healthy
comparisonparticipantsdidnot showasignificantdiffer-
ence (t138 = 1.55, p = 0.13). The overall conflict adaptation
score also indicated stronger conflict adaptation in N2
amplitude for OCD patients (mean =−9.44, S.D. = 13.12)
compared with healthy comparison participants (mean =
−4.14, S.D. = 10.91, t138 = 2.6, p < 0.01, d = 0.44, 95% CI
0.10–0.78). The larger score in OCD patients reflected
a stronger effect of preceding conflict on N2 amplitude,
i.e. a larger difference inN2 after compatible trials (cI, cC)
than after incompatible trials (iI, iC), reflecting the benefi-
cial effects of conflict resolution in the previous trial.
Additional analyses were calculated using medica-
tion status and co-morbidity as between-subject factors
in the patient group. Neither medication status (F1,67 =
0.06, p = 0.95, η2P = 0.002), nor co-morbidity (F1,67 = 1.14,
p = 0.29, η2P = 0.02), significantly influenced the observed
pattern of results in patients.
Correlational analyses
No significant correlations of the conflict adaptation
scores for N2, error rates, and reaction times with clin-
ical measures (OCI-R and BDI-II) in OCD patients
were observed (all p > 0.26, r < 0.11). In healthy com-
parison participants, a significant correlation of the
conflict adaptation score for the N2 with the BDI-II
emerged (r =−0.24, p < 0.05), indicating higher conflict
adaptation in the N2 (i.e. more negative values) with
higher BDI-II scores. However, this correlation was
Fig. 2. (a) Grand average waveforms at electrode site FCz of stimulus-locked N2 in healthy comparison (HC) participants and
patients with obsessive–compulsive disorder (OCD) for current incompatible (solid lines) and compatible trials (dashed lines)
that are preceded by compatible (left subfigure) or incompatible trials (right subfigure). (b) Topographies (current source
density) of N2 in the time window from 250 to 350 ms after stimulus presentation. For interpretation of the colour scale of the
topographies in this figure, the reader is referred to the web version of this article. (c) N2 amplitudes at electrode site FCz in
HC participants and patients with OCD for current compatible trials and incompatible trials as a function of preceding
conflict. Values are means, with standard errors represented by vertical bars.
1384 A. Riesel et al.
https://doi.org/10.1017/S0033291716003597
Downloaded from https://www.cambridge.org/core. SLUB Dresden, on 15 Apr 2020 at 13:06:41, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms.
driven by two participants with the highest BDI-II
scores; after exclusion of them the correlation was no
longer significant (r =−0.15, p = 0.21).
Discussion
The current study showed enhanced conflict monitor-
ing in OCD during stimulus processing as reflected
by larger N2 amplitudes. Further, OCD patients
showed greater conflict adaptation in N2 amplitudes
and reaction times. Our results are consistent with
studies showing an increase of N2 amplitudes in
OCD (Towey et al. 1993; Ruchsow et al. 2007;
Ciesielski et al. 2011) and, more broadly, in individuals
with high trait anxiety or behavioural inhibition
(Dennis & Chen, 2009; Leue et al. 2012, 2014), traits
that are transdiagnostically associated with anxiety
disorders and OCD. However, several studies in
OCD did not report differences in N2 amplitude
(Herrmann et al. 2003; Keskin-Ergen et al. 2014) or
even reported an N2 reduction (Morault et al. 1997;
Kim et al. 2007; Keskin-Ergen et al. 2014). Similarly, a
study examining patients with generalized anxiety dis-
order (Larson et al. 2013), a disorder that shares key
symptoms with OCD such as worry and overesti-
mation of threat, found evidence for reduced principal-
component N2 amplitudes and conflict adaptation in
N2 but not at the behavioural level. Overall, this vari-
ability in findings across studies needs further clarifica-
tion and future studies should examine potential
moderators such as task characteristics, data analysis
techniques and heterogeneity in symptoms. For
example, Larson et al. (2013) only found group differ-
ences in principal-component N2, but not in original
N2 amplitudes suggesting that different functional
aspects and sources are captured in ERP N2 and prin-
cipal component analysis-derived factors. Further,
co-morbidity (e.g. Weinberg et al. 2012), differences in
symptoms between generalized anxiety disorder and
OCD as well as heterogeneity within OCD symptoms
(Mataix-Cols et al. 2005) are potential confounds that
could lead to discrepant findings. With regard to task
effects, previous studies mostly used Go/NoGo tasks
to analyse conflict monitoring in OCD (Herrmann
et al. 2003; Kim et al. 2007; Ruchsow et al. 2007;
Keskin-Ergen et al. 2014). Go/NoGo tasks require a
high degree of response inhibition, which is proposed
to be dysfunctional in OCD (Chamberlain et al. 2005,
2007; Penades et al. 2007; Woolley et al. 2008). To
avoid the potential influences of response inhibition,
the flanker task was recommended for the analysis of
conflict monitoring and adaptation (Larson et al.
2014). Further, most studies focused on high conflict
trials (e.g. Ciesielski et al. 2011). The present results
suggest that alterations in conflict monitoring in
OCD depend on current and previous conflict and
that sequential conflict adaptation is altered in OCD.
Altogether, the present results indicate that OCD
patients show hyperactive conflict monitoring as
implied by OCD symptoms such as worry about
potential harm and errors and intolerance of uncer-
tainty. Together with the robust finding of enhanced
ERN amplitudes in OCD (e.g. Endrass & Ullsperger,
2014) this strengthens hyperactive monitoring as a
core dysfunction in OCD.
The examination of sequential trial-by-trial modula-
tions in conflict monitoring allows us to further disen-
tangle the observed hyperactivity in conflict
monitoring in OCD. Patients with OCD seem to be
more sensitive to newly occurring conflicts than
healthy participants (i.e. cI). Moreover, they also
show dysfunctional hyperactive monitoring in non-
conflicting situations (i.e. cC and iC), where there is
no demand for higher recruitment of cognitive control.
This might be seen as an unnecessary effort, but could
as well be connected to symptoms of distress and
doubt (Klawohn et al. 2014), or a high need to avoid
potential harm. Further, this parallels and extends
results by Endrass et al. (2010) indicating that hyper-
active error monitoring in OCD cannot be further
up-regulated by external demands (Endrass et al.
2010). Similar to our results, group differences
emerged in conditions in which it is not particularly
adaptive to strongly monitor one’s own actions and
in which healthy participants down-regulated their
monitoring (Endrass et al. 2010). In summary, our
results suggest that OCD is characterized by hyper-
active monitoring that seems to operate more inde-
pendently of the actual monitoring demands, since it
is observed not only in errors and high-conflict trials,
but also in compatible trials and correct responses
low in conflict.
Beyond this general hyperactivity, OCD patients
showed greater trial-by-trial adaptation in response
to conflict as reflected in behaviour as well as N2 amp-
litude. A larger increase (i.e. up-regulation) was
observed in compatible trials that follow incompatible
ones and a larger decrease (i.e. down-regulation) in
incompatible trials that are preceded by incompatible
trials. When it is adaptive to recruit more control and
invest more resources (i.e. in iI trials), similar monitor-
ing was observed in patients and controls. Hence, in
these trials OCD patients even benefit from their gen-
erally overactive monitoring, in that they show a stron-
ger conflict adaptation, which leads to a normalization
in N2 in iI trials and is accompanied by a more success-
ful behavioural conflict adaptation. These results fit
well to conflict monitoring accounts, which state that
enhanced conflict processing leads to a stronger
recruitment of cognitive control and subsequently to
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a more effective conflict resolution (Kerns et al. 2004;
Kerns, 2006; Carter & van Veen, 2007). Thus, the
enhanced processing of conflict in OCD seems to be
associated with a stronger allocation of control and
resources to the next trial as reflected by a greater
conflict adaptation in N2 and reaction times. Our
results are consistent with Ciesielski et al. (2011) who
also concluded that OCD patients show enhanced
adaptive top-down control and linked that to pre-
frontal and dorsal anterior cingulate networks.
However, our results are in contrast to behavioural
results reported by Liu et al. (2012) showing reduced
post-conflict adaptation in paediatric OCD patients.
Although only a direct comparison of same-age groups
would allow clarification, possible explanations may
relate to differences in task difficulty or patient popula-
tions. Liu et al. (2012) used a complex multi-source
interference task (Bush & Shin, 2006) that elicits high
levels of conflict and longer reaction times were
observed than in the current task, possibly diminishing
the currently observed greater conflict adjustment
effects. Alternatively, conflict processing and adjust-
ment may differ between patients with childhood v.
adult onset of OCD similar to results for the ERN
that suggest that the relationship between the ERN
and anxiety changes as a function of age (Meyer et al.
2011). In conclusion, our results suggest that hyper-
active conflict monitoring in adult patients with OCD
seemed to be beneficial in situations that include a
high amount of conflict and require the recruitment
of control to resolve conflict. However, this is asso-
ciated with a stronger monitoring in non-conflicting
situations which may be related to more effort and
higher employment of resources. This parallels symp-
toms of OCD such as compulsions that often aim to
reduce rare negative consequences and may even
reduce risk to some extent (e.g. washing hands reduces
the risk for infections), but at the costs of daily func-
tioning and enhanced distress.
Limitations of the current study are that patients tak-
ing psychotropic medication and with co-morbidities
were included. However, post-hoc analyses showed
that results were not affected by medication or
co-morbidity. Moreover, the large sample size and
the inclusion of a naturalistic, heterogeneous patient
sample allows the analysis of co-morbidities and medi-
cation effects with sufficient power and, thus, repre-
sents a strength of this study. Another important
avenue for future studies should be the analysis of
lateralized readiness potentials in the context of confl-
ict adaptation in clinical groups. This would allow us
to further disentangle effects of conflict processing
from those of motor preparation and motor inhibition,
processes that might add to differences in conflict
adaptation in patients with OCD as well.
Overall, the current study supports that OCD patients
are characterized by a hyperactive monitoring system
that is not adapted (i.e. down-regulated) in unambigu-
ous, non-conflicting situations. This may be related to
OCD symptoms such as doubt and the higher need to
avoid harm and control actions and thoughts. The pre-
sent results further suggest benefits in conflicting situa-
tions that occur in the context of conflict as reflected by
an enhanced conflict adaptation in OCD patients, both
in EEG and behaviour. This stronger conflict adaptation
has been linked to an enhanced recruitment of top-
down cognitive control (Kerns et al. 2004; Kerns, 2006;
Carter & van Veen, 2007; Ciesielski et al. 2011) triggered
by an enhanced conflict monitoring.
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